Vigorous hyperventilation was induced for five minutes immediately after a five-minute infusion of 100 ml of Tris-buffer (pH 10) in nine patients with Prinzmetal's variant angina. In eight of the patients, chest pain with ischemic changes in the electrocardiogram occurred during this procedure or within five minutes after it ended. Coronary arterial spasm appeared after the procedure and disappeared after the administration of nitroglycerin in all four patients in whom coronary cinearteriography was performed. This was evident both before and after the procedure and after sublingual administration of nitroglycerin (0.6 mg). The oral administration of 90 mg of diltiazem, a calcium antagonistic drug, two hours before, completely suppressed the attack induced by the procedure in all of the five patients who received this drug.
SUMMARY Vigorous hyperventilation was induced for five minutes immediately after a five-minute infusion of 100 ml of Tris-buffer (pH 10) in nine patients with Prinzmetal's variant angina. In eight of the patients, chest pain with ischemic changes in the electrocardiogram occurred during this procedure or within five minutes after it ended. Coronary arterial spasm appeared after the procedure and disappeared after the administration of nitroglycerin in all four patients in whom coronary cinearteriography was performed. This was evident both before and after the procedure and after sublingual administration of nitroglycerin (0.6 mg). The oral administration of 90 mg of diltiazem, a calcium antagonistic drug, two hours before, completely suppressed the attack induced by the procedure in all of the five patients who received this drug.
We conclude that hyperventilation plus Tris-buffer infusion induces coronary arterial spasm and anginal attack in patients with Prinzmetal's variant angina and that diltiazem suppresses these reactions.
IT IS INCREASINGLY EVIDENT that coronary arterial spasm plays an important role in the pathogenesis of Prinzmetal's variant form of angina.'5 However, the mechanism by which coronary arterial spasm occurs is unknown.
Contraction of vascular smooth muscle depends quantitatively on the presence of calcium ions which are required for the activation of myofibrillar ATPase.6-9 Physiologically, a highly potent calcium antagonistic action is exerted by hydrogen ions which seem to compete with calcium ions for the same active sites both at the transmembrane calcium transport system and at the myofibrillar ATPase.91 Thus, vasoconstriction occurs if calcium ion concentration increases or hydrogen ion concentration decreases, whereas vasodilatation is produced by either calcium deficiency or an increased hydrogen ion concentration. 9 The present study examines whether coronary arterial spasm and anginal attack could be induced by hyperventilation and Tris-buffer infusion, which decrease hydrogen ion concentration, in patients with Prinzmetal's variant form of angina.
Materials and Methods
Nine patients with Prinzmetal's variant form of angina were studied. All the patients had recurring attacks of chest pain in association with ST segment elevation in the electrocardiogram more than five times a week at the time of the study. Their age, sex, electrocardiogram at rest and during attack, and coronary arteriograms are shown in table 1. None of the patients had received digitalis or diuretics, and all the medications were stopped at least three days before the study, except nitroglycerin, which was stopped at least two hours before the study.
Blood pressure, 12-lead electrocardiogram and arterial blood for pH and gas analysis were taken while patients were supine from 9:00 a.m. to l1:00 a.m. Patients then received a five-minute infusion of Tris-buffer 100 ml (pH 10). Immediately after, vigorous hyperventilation was performed for five minutes under the constant monitoring of blood pressure and electrocardiogram. Hyperventilation was stopped immediately when chest pain or ischemic changes in electrocardiogram occurred, at which time arterial blood for pH and gas analysis were taken again.
Electrocardiogram was recorded by the six-channel electrocardiograph (Mingograf 61) and blood pressure was taken with sphygmomanometer. Arterial blood pH and gas analysis were done by Corning 175 Automatic pH/Blood Gas System. In four of the patients (cases 2-5), coronary cinearteriography using the Judkins technique was done before and after the hyperventilation plus Tris-buffer infusion, and after sublingual administration of nitroglycerin (0.6 mg), under the constant monitoring of blood pressure and electrocardiogram.
In five of the patients (cases 3-7) with attack induced by the hyperventilation plus Tris-buffer infusion, the same procedure was repeated at the same hour on different days within a three-day span. However, these patients were given oral 90 mg doses of diltiazem, a calcium antagonistic drug, two hours before the procedure.
Informed consent was obtained from each patient.
Results
Most patients experienced mild lightheadedness and numbness of the hands, feet and lips, which began after two to three minutes and continued throughout the period of hyperventilation. In eight of the nine patients, chest pain with ischemic changes in the electrocardiogram (ST segment elevation with reciprocal ST segment depression in seven patients and ST segment depression in one patient) was induced by the hyperventilation plus Tris-buffer infusion. In two patients, hyperventilation was stopped because the attack appeared four and five minutes after the beginning of hyperventilation, respectively. The attack occurred within five minutes after hyperventilation was stopped in six patients. Figure 1 shows the representative case (case 1). Anginal attack associated with ST segment elevation in leads V1 in the electrocardiogram appeared immediately after hyperventilation was stopped. Arterial blood pH rose from 7.43 to 7.66, and arterial blood Pco2 decreased from 40 mm Hg to 22 mm Hg as a result of this procedure.
In all of the four patients (cases 2-5) who underwent coronary cinearteriography before and after the hyperventilation plus Tris-buffer infusion, and after nitroglycerin administration, coronary arterial spasm appeared after the hyperventilation plus Tris-buffer infusion and disappeared after nitroglycerin ad-ministration. Coronary arterial spasm was associated with chest pain and ischemic changes in the electrocardiogram in three of the four patients. imal portion of the left anterior descending coronary artery two minutes after hyperventilation was stopped. However, spasm disappeared after the administration of nitroglycerin. Electrocardiogram showed ST segment elevation in lead V3 during the attack.
In case 3, mild chest pain associated with ST segment depression in lead III of the electrocardiogram appeared two minutes after hyperventilation was stopped. Coronary cinearteriograms demonstrated that spasm occurred at the midportion of the right coronary artery during the attack and disappeared after nitroglycerin administration ( fig. 3 ). In this patient, ST segment depression in leads LI, III and aV, occurred when the attack was mild, while ST segment elevation developed in the same leads when the attack was severe. This means that the occurrence of subendocardial or transmural ischemia depends on the severity of spasm of the right coronary artery.
In Case 4, the attack in association with ST segment elevation in lead V3 appeared three minutes after the hyperventilation was stopped. Coronary cinearteriograms showed that severe spasm occurred at the proximal portion of left anterior descending coronary artery during the attack and subsided after nitroglycerin administration. (fig. 4) .
In case 5, spasm was demonstrated at the midportion of left anterior descending coronary artery five minutes after the hyperventilation was stopped ( fig. 5 ). Spasm in this case, however, was not associated with either chest pain or ischemic changes in the electrocardiogram.
Neither chest pain nor ischemic changes in the electrocardiogram were present in any of the five patients (cases 3-7) who received 90 mg doses of diltiazem two hours before the experiment. However, the procedure without the drug produced the attack along with ischemic changes in the electrocardiogram in all of the patients. Table 2 gives mean data for arterial blood gases and pH before and immediately after the hyperventilation plus Tris-buffer infusion with and without diltiazem 58 CIRCULATION administration. Mean arterial blood pH increased from 7.42 ± 0.03 to 7.65 ± 0.05 without diltiazem and from 7.43 ± 0.01 to 7.65 i 0.04 with diltiazem, respectively. Arterial blood Pco2 decreased from 38 + 4 mm Hg to 20 ± 4 mm Hg without diltiazem and from 38 mm Hg to 22 ± 1 mm Hg with diltiazem, respectively. There were no significant differences in the values of arterial blood gases and pH before and after the administration of diltiazem.
Discussion
There is increasing evidence that Prinzmetal's variant form of angina is caused by severe spasm or spasm superimposed on the atherosclerotic stenosis of a major coronary artery.1 But the reasons for coronary arterial spasm remain unknown. Contraction of vascular smooth muscle depends quantitatively on the presence of calcium ions which are required for the activation of myofibrillar ATPase.Y-1 According to Fleckenstein and others, a highly potent calcium antagonistic action is exerted by hydrogen ions which seem to compete with calcium ions for the same active sites both at the transmembrane calcium transport system and at the myofibrillar ATPase.Y 11 Thus, vasoconstriction occurs if calcium ion concentration increases or hydrogen ion concentration decreases, whereas vasodilatation is produced by either calcium deficiency or an increased hydrogen ion concentration.9
In the present study, hydrogen ion concentration was decreased by hyperventilation plus Tris-buffer infusion in nine patients with Prinzmetal ischemic changes in the electrocardiogram, was induced by this procedure in eight of the nine patients. Coronary arterial spasm appeared after the procedure and disappeared after the administration of nitroglycerin in all of the four patients in whom coronary cinearteriography was performed. This was evident both before and after the procedure, and after sublingual administration of nitroglycerin (0.6 mg).
There are reports that hyperventilation causes coronary vasoconstriction in both normal subjects'2 and patients with stable exertional angina pectoris.'3 There is also a case report that Prinzmetal's variant form of angina was induced by hyperventilation.14 Our data do not distinguish between decrease in hydrogen ion concentration and Pco2 as potential causes of the coronary vasoconstriction. Other experiments,9 11 however, show that decrease in hydrogen ion concentration is responsible for the vasoconstriction.
Hydrogen ions which are produced by metabolism decrease at rest, particularly at night when metabolism decreases, and increase after exercise during the day when metabolism increases. In addition, increase and variability in respiratory rate occur in association with rapid eye movement (REM) periods of sleep. 15 16 This may explain why Prinzmetal's variant form of angina occurs at rest, particularly at night, often in association with REM periods of sleep"6, 17 and is rarely provoked by exercise during the day.2', 3, 18 Diltiazem,19 a 1,5-benzothiazepine derivative, is a calcium-antagonistic drug that dilates large coronary arteries by blocking the entry of calcium ions into coronary vascular smooth muscle cells9' 20 and has been shown to be specifically effective in the treatment of Prinzmetal's variant form of angina.' 20 21 The administration of diltiazem in this study prevented the attack induced by the hyperventilation plus Tris-buffer infusion in all of the five patients who had been given this drug. This confirms our previous report20 and indicates that calcium antagonists are of primary importance in the management of Prinzmetal's variant form of angina.
